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SUMMARY PAGE
THE PROBLEM

To measure the stressor stimulus effect of rotational velocity in terms of the num-~
ber of the standardized head=tilt movements required to evoke a common severity level
of symptoms characterizing motion sickness,

FINDINGS

The accumulative number of standardized head tilts (approximately 20°) within
the frontal and sagittal planes that were executed in reaching the specific test end-
points of either moderate (M 1A} or severe (M 1il) malaise was recorded at each test
velocity. Sixteen young healthy subjects were rotated in a laboratory chair (Stille)
at various velocities within a range suitable for each subject and the limits of 1.0 to
30.0 rpm. When individual ability to make head movements without evoking symptoms
was exceeded, the average relative stressor effect (E factor) of each head movement
varied directly and, in log-log terms, linearly with rotational velocity. These data
provide the basis for grading individual susceptibility to the Coriolis type of motion
sickness with a single numerical score as well as define the high rate of change of
Coriolis stressor effect as a function of rotational velocity, which may find practical
application in specifying rotational rates of space stations.




INTRODUCTION

Motion sickness susceptibilify can be assessed either by judging the relative
manifestation of symptomatology resulting from a common physical stimulus or by
measuring the magnitude of the stimulus that provokes an essentially equivalent response
among subjects, The latter experimental approach became practical with the categori-
zation and guantification of specific diagnostic symptoms that formed the basis for
defining five levels of motion sickness (2). These diagnostic criteria were used ina
related study (6) that introduced standardized head movemenis in combination with
constant velocity of a rotating chair to evoke a common endpoint in the grading of
individual susceptibility. Marked interindividual differences required that the fest
velocity be selected from a wide range of values (1.0 to 30.0 rpm). For the procedure
to be effective as well as controllable, the intensity of stressor stimulation, applied
incrementally in this case, had to exceed each subject’s homeostatic capability, yet
fall below the level that would result in the rapid and explosive development of
symptomatology beyond the preselected endpoint. At the proper test velocity the num-
ber of head movements indicated the relative susceptibility of the subject. The resulss,
however, were difficult to evaluate since the collective magniitude of the stressor
stimulus was some unknown product of two parameters (number of head movements and
chair velocity), which prevented a direct comparison of subjecis fested at different
velocities,

The purpose of the present study was to determine the provocative effect of head
movement, in terms of Coriolis (motion) sickness, as a function of angular velocity,
both for its basic information value as well as to establish the required basis for grading
individual motion sickness susceptibility with a single numerical score. The latter task
evolved into determining the average relative effect of a single head movement execu-
ted at each of several rotational velocities within limits that were found to be effective
for the measurement of a wide spectrum of motion sickness susceptibilities,

PROCEDURE

SUBJECTS

Sixteen young Navy men who demonstrated nommal otolith and semicircular canal
function in fests of ocular counterrolling (4, 5),and caloric irrigation (3) or oculogyral
illusion threshold (1), respectively, were selected as subjects and separated info two
test groups: Group 1, five enlisted personnel and two officers whose ages ranged from
19 to 26 years; Group 2, nine enlisted personnel, 18 to 20 years of age. Each subject
remained in his excellent state of health throughout the test period, as verified by the
Subject’s Preexperimentation Questionnaire (6).

METHOD

The method used in this study of quantitatively grading an individual with respect
to his susceptibility to Coriolis sickness is described in another report (6). Essentially,
the subject while rotating in a laboratory chair (Stille) at a constant speed is required

1
i




%

novemean
cond period

h

-
ot

[me s

£ . &
ront

pos

©

¢

igh

v, fo effect apy
v

pause

H

£

fs up

H
H

ight

Sy

i

from
U

'
¢
yead

18

!

er body, as necessa

By
-

4

E

head, and up
ement of his

5
=

&

e

erio

I=sg

£

subsequent

ime,

&
&

over G

"igy

&
H

moo

&

& %
e% O
p @O
Lo 4 -
o~ B > e
Rz w Loy
Now WD
v O 73
o L P
bl L .mh o
&= N s
o e, .&uﬁ
pelirc=die s B
e D
T S e @
o0 ww ROt
@x wm s mm ey
@ o %
O = PO
B 9 (5
ooz v
293%8
o E o
N (I T vl
@ o 9 Dy
£ Qe B
s m I Um .
. 0P S
o Loz o s
Y eum
e

LCLI 3
[ . -
0. W i S, i

ew

P R ol s B
SR

oL e D &
e B g RS

o
o

5

WITHOUT eval

5

ts

"3

2

1

i

{

b

FEn

¥

]
o

~,

wdom Trom amon

¥

&

W

mong

der o

i

3

']

dom

i

.
O ro

¥

¥

=

S Wa

£
H

[

wes obways




€

HEAD MOVEMENTS

300

AV
O
O

100

MILA GROUP | —— MIIL

GROUP 2 -

l
5 10 20 30 I 5 10 20 30

CHAIR VELOCITY (RPM)
Figure 1
Head Movements Executed by Subjects of Groups 1 and 2 in Reaching a Preselected Endpoint
of Moderate (M 11A) or Severe (M [Il) Malaise as a Function of Rotational Chair Velocity.
Dotted Line Extensions of the Curves Indicate Failure to Reach These Endpoints with 300 Head Movements




Figure 2 is the M A data of Figure 1 plotted on leg=log coordinates and
fitted empirically with straight lines. This plot shows that the two parameters (number
of head movements and rotational velocity), which were equated by a constant response
{M HA) factor, are linearly related and that this relationship is similar among the
subjects.
relating and combining the two test parameters, as the basis for
grading m@h@n sic Emess suscepiibility with a single numerical score, centfered upon
expressing the findings in terms of an average stressor effect of a single head movement
as a function of chair velocity . In this discussion we refer to the effect of head move-
ment without specifying its direction. [f should be recognized, however, that the four
directions of movement used in the standardized procedure were not always equally
stressful, and the most stressful direction, usually forward, varied in its effect among
subjects; occasionally a given subject would even report a change in the maximal
directional effect during the test.
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153 f\

"'?'31

a

Inasmuch as more data based upon the M HIA endpoint were available, they are
considered exclusively in the following analysis. The log=log coordinate system for
plotting the number of head movements required fo evoke M A as a functlon of
rotational ve acﬁy {(Figure 2) depicted the individual results in a way that could be
best represented by straight line curves. In this analysis the important characteristic
of the resultant family of curves is their slope, which was similar ameng the subjecis
and apparently independent of their respective susceptibility levels. The average slope
thus expressed the provocative effect of head movement versus velocity in a highly

representative manner for our subject population.

The reciprocal of the average slope is depicted by the straight=line curve of
Figure 3, which defines the relationship between the average stressor effect (E factor)
of a single head movement and angular velocity. The E factor scale approximates that
derived from the reciprocal of the average number of head=movemenis data, but reduced
in magnitude in order to limit susceptibility scores derived from these E factors to 100
points,

The E factor, expressed as a function of rpm, formed the basis for grading
susceptibility by a single numerical score, Susceptibility is simply determined by
multiplying the number of head movements (N} executed in reaching the preselected
endpoint (M HA in this case) times the apgwgar‘éq%% E factor, the si‘ressc}r value of a
single head movement executed at a particular chair velocity. The individual's
resultant score, representing the collective magnitude of the S?'s'essar stimulus required

s

to evoke the endpoint, is termed his Coriolis Sickness Susceptibility Index, or CSSi:

CSSE=Ex N

4
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Figure 2

M 1IA Dota of Figure 1 Plotted on Log=Log Coordinates with
Subjects Differentiated by Coded Symbols
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CSSI) Scores Caleulated From Results of Testing Each Subject at Several Rotational Rates
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Figure 4
Susceptibility Level Graded by Coriolis Sickness Susceptibility Index
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Relative Stressor Effect (E Factor) of a Single Head Movement,
Severe Malaise (M 111) Endpoint, as a Function of Rotational Velocity
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